OBJECTIVE: To compare short-term surgical outcomes and long-term survival following laparoscopic or open resection for rectal cancer. METHODS: A total of 381 patients undergoing laparoscopic surgery and 276 undergoing open surgery for curative resection of rectal cancer were included. Long-term survival and peri-and postoperative data were retro spectively reviewed from a prospectively-collected database. RESULTS: Surgical groups were comparable regarding age, gender, tumour stage and preoperative comorbidities. Laparascopic surgery was associated with significantly longer duration of surgery, less intraoperative blood loss and fewer postoperative infections than open surgery. Patients who underwent laparoscopic resection had significantly earlier recovery of gastrointestinal function than those who underwent open surgery. There were no significant between-group differences in number of lymph nodes excised, specimen length or distal margin. The 3-and 5-year survival rates and overall survival were similar in the two groups, and survival was not influenced by tumour location. CONCLUSION: Laparoscopic surgery can achieve the same oncological results as open resection in patients with rectal cancer, supporting its continued use in the management of this disease.
Introduction
Laparoscopic colorectal surgery is associated with less postoperative pain, lower morbidity, faster return of bowel function and shorter hospital stay than open surgery, 1 -3 but these advantages are of secondary importance to oncological adequacy and long-term outcome. Randomized clinical trials and meta-analyses have found no differences in long-term oncological outcome and survival after laparoscopic resection of colon cancer, compared with open colectomy. 4 -7 Laparoscopic surgery is a considerably more difficult technique in rectal cancer than in colon cancer, due to the complexity of performing total mesorectal excision within the confines of the pelvis. 7 -11 In addition, it is difficult to preserve pelvic autonomic nerve and anal sphincter function while accomplishing complete clearance of the tumour. 10 Laparoscopic rectal resection has become more commonplace due to advances in surgical techniques and training, but limited data are Z Li, X Ying, Y Shen et al. Laparoscopic surgery for rectal cancer available regarding long-term oncological results.
The present study investigated the shortand long-term clinical outcomes of laparoscopic and open radical resection for rectal cancer in a single surgical unit, in order to assess the oncological adequacy and feasibility of laparoscopic surgery. regarding open and laparoscopic surgical procedures was provided to each patient by a surgeon; the patient then chose the surgical approach and provided informed consent. All operations were performed by the same surgical team (X.Y., P.Y. and H.C.), with experience in both laparoscopic and open colorectal surgery.
Patients and methods

STUDY POPULATION
All patients underwent a preoperative assessment 3 -5 days before surgery: this included a physical examination, colonoscopy with biopsy, liver ultrasonography, abdominopelvic computed tomography (CT) and/or magnetic resonance imaging (MRI), in order to identify surgical risk factors and determine tumour resectability. Tumours were staged according to the tumour-node-metastasis classification of the International Union Against Cancer. 12 The study protocol was approved by the Medical Ethics Committee of Shaoxing People's Hospital. All patients provided written informed consent prior to study enrolment. 
CLINICAL DATA
SURGICAL TECHNIQUES
Preoperative bowel preparation was performed the day before surgery, by oral intestinal lavage with polyethylene glycol solution (mean molecular weight, 4000).
Both laparoscopic and open surgical procedures followed standard clinical and oncological principles including: high ligation of the inferior mesenteric artery and vein; en bloc vascular resection and lymph node dissection; adequate surgical margins (proximal > 15 cm; distal > 1.5 cm); preservation of the autonomic pelvic nerves; minimal intraoperative manipulation of the tumour mass. Total mesorectal excision was carried out for lower rectal tumours; partial mesorectal excision (with a distal resection Z Li, X Ying, Y Shen et al. Laparoscopic surgery for rectal cancer margin of 5 cm below the lesion) was carried out for upper rectal tumours. A pelvic drain was routinely placed. Protective diverting ileostomy was only performed in patients at high risk of anastomotic leakage (i.e. those with poor bowel preparation, previous radiotherapy, anastomosis with tension, incomplete 'doughnut', or anastomosis < 3 cm from the anal verge).
An indwelling urinary catheter and a single intravenous dose of a broad-spectrum antibiotic (administered according to a standard regimen) were provided to all patients before surgery. After induction of general anaesthesia using a standard regimen, patients were placed in a modified lithotomy position to facilitate transanal stapled anastomosis or peritoneal resection. The anaesthesia procedure and antibiotic prophylaxis were the same in both groups.
In patients undergoing laparoscopic surgery, pneumoperitoneum was created with 10 -15 mmHg carbon dioxide. A single 10-mm trocar was placed at the umbilicus for the laparoscope (with four additional trocars of 5 -12 mm located depending on the site of the tumour) and routine intraabdominal exploration was performed. Mobilization and dissection were carried out using ultrasonic scissors via a medial to lateral approach. The inferior mesenteric artery and vein were isolated and transected near their origins by a linear vascular stapler or clips (with protection of the hypogastric neural plexus), before mobilization of the descending and sigmoid colon including the splenic flexure, if necessary. The left ureter and iliac vessels were identified, and the rectum and mesorectum were mobilized by sharp dissection through the anatomic space between the visceral and parietal endopelvic fascia. Pelvic dissection was the same for laparoscopic and open surgical techniques and was circumferentially performed from the posterior wall towards the lateral and anterior walls; the pelvic splanchnic nerves were identified and protected. After adequate denudation of the rectal tube, the rectum was sectioned with a linear stapler at the intended transection line. Patients undergoing anterior resection received a 5cm incision for tumour removal. For wound protection, a plastic ring sleeve (ZhengDe Medical Supplies Group, Shaoxing, China) was inserted. Following resection of the diseased colon, the anvil of the circular stapler was placed into the proximal colon, which was returned to the abdominal cavity. The body of the circular stapler was then inserted through the anus and an end-to-end anastomosis was performed under laparoscopic vision, using a double stapling technique. The integrity of the anastomosis was tested using transanal air instillation. For patients undergoing abdominoperineal resection, dissection was performed using the same procedure as for open surgery and specimens were removed through the perineum, with no need for an abdominal incision.
In patients undergoing open surgery, a midline incision was made from above the umbilicus to the pubis. Open procedures were performed according to the same general principles applied for laparoscopic surgery.
POSTOPERATIVE CARE
All patients received standard postoperative care. Nasogastric tubes were usually removed within 24 -48 h of surgery. Oral feeding was initiated on confirmation of the return of intestinal function. Temporary colostomy was reversed within 3 -6 months after surgery. Patients were followed up by regular outpatient review every 3 months for 2 years, and every 6 months thereafter. Physical and rectal examination, Z Li, X Ying, Y Shen et al. Laparoscopic surgery for rectal cancer abdominopelvic and pelvic ultrasonography, CT and/or MRI, and chest X-ray were undertaken. Colonoscopy was performed 1 year after surgery, then once every 3 years.
STATISTICAL ANALYSES
Data were expressed as mean ± SD or number (%). Continuous variables were compared using the Student's t-test (normal distribution) or the Mann-Whitney U-test (non-normal distribution); categorical variables were compared by the χ 2 -test. Overall survival was evaluated using the lifetable method and compared using the Gehan test. All statistical analyses were performed using SPSS ® statistical software, version 13.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . A P-value of < 0.05 was considered to be statistically significant.
Results
A total of 657 patients were included in the study: 381 underwent laparoscopic surgery and 276 underwent open surgery. The two surgical groups were comparable in terms of age, gender, preoperative comorbidities, tumour stage and tumour differentiation ( Table 1 ). The mean age was 57 years (range 24 -82 years). Tumours were located below the peritoneal reflection in 403 patients and Surgical data are presented in Table 2 . Intraoperative blood loss was significantly lower, and mean duration of surgery was significantly longer, in the laparoscopic group than in the open surgery group (P < 0.05 for both comparisons). There were no significant between-group differences in the number of lymph nodes excised, specimen length or distal resection margin. Histological examination revealed that proximal and distal resection margins were free of tumour in all cases. There were no intraoperative deaths in either group.
Postoperative data are shown in Table 3 . Patients in the laparoscopic surgery group had significantly shorter hospital stays and fewer wound-site infections than those in the open surgery group (P < 0.05 for both comparisons). Time to flatus and rates of anastomotic leakage and bowel obstruction were similar in the two groups.
A total of 21 patients (3.2%) were lost to follow-up: 12 (3.1%) in the laparoscopic group and nine (3.3%) in the open surgery group. The mean follow-up period was 51 months (range 13 -87 months). There were no significant between-group differences in the frequency of port site recurrence (two of . Overall survival was similar in the two groups (Fig. 1) , and was not influenced by tumour location (upper or lower rectal cancer; Figs 2 and 3, respectively).
Discussion
Laparoscopic techniques have become widely accepted in colorectal surgery, despite such procedures being regarded as technically difficult and time consuming. The oncological adequacy of laparoscopic surgery in patients with colon cancer has been clearly demonstrated in prospective randomized trials, 4 -7 but equivalent evidence for rectal cancer is lacking. The present study, therefore, investigated the oncological adequacy and feasibility of laparoscopic surgery in patients with rectal cancer.
The application of laparoscopic procedures in cancer patients has been limited by the occurrence of postoperative port site metastases, which were initially described in 1978 after surgery for ovarian cancer. 15 Extensive research on this phenomenon has been performed in various tumour types, 16 -18 with the frequency of port site metastasis thought to be as high as 21%. 19, 20 Improved incision protection techniques and training have resulted in a reduction in the rate of port site recurrence, with reported rates of 0.5% and 0.2% in laparoscopic and open surgery, respectively. 4 A meta-analysis of 826 patients undergoing laparoscopic colorectal resection reported a port site recurrence rate of 0.36%. 21 Consistent with these findings, the present analysis demonstrated port-site recurrence rates of 0.5% and 0.7% in the laparoscopic and open surgery groups, respectively.
An additional problem associated with the use of laparoscopic surgery for the lymph nodes, length of specimen and surgical margins) did not differ significantly between those who underwent laparoscopic surgery and those who underwent open resection, in the present study. This finding is supported by randomized trials that demonstrated an equal or greater extent of resection in laparoscopic surgery 10, 22 and suggests that oncological treatment principles are not compromised by laparoscopic techniques.
A major concern with the use of laparoscopic surgery for any type of cancer treatment is the impact on long-term survival. Studies have reported comparable long-term survival after laparoscopic surgery or open resection. 10, 11, 23 A review of the literature published between 2000 and 2009 found no significant difference in survival rates between patients undergoing laparoscopic or open surgery for rectal cancer. 24 In accordance with the findings of others, 10, 11, 23 there were no significant between-group differences in 3and 5-year survival rates and overall survival in the present study. In addition, the location of the tumour (upper versus lower rectal) had no effect on overall survival rates.
Laparoscopic surgery is a less invasive approach to use for tumour resection compared with open surgery, and the operation can be performed through a few small incisions. This results in improved short-term surgical outcomes (including fewer wound infections, reduced blood loss, faster recovery of gastrointestinal function and shorter hospitalization) 1 -3 which is consistent with the findings of the present study. Laparoscopic rectal resection is, however, generally more complicated than traditional open surgery, and the duration of surgery was longer in the laparoscopic group than the open surgery group in the present study. The incidence of anastomotic leakage was similar between the two techniques.
The present study was limited by its retrospective design and possible selection bias, but the between-group similarities in demographic and clinicopathological characteristics suggests that the results were consistent. Furthermore, the results of the present study confirm those of several other investigators. 2,8,10,11,22 -24 In conclusion, the present study provides support for the continued use of laparoscopic surgery in patients with rectal cancer. Longterm survival after laparoscopic surgery was similar to that after conventional open resection. The minimally invasive approach may confer clinical benefits in terms of faster recovery, smaller incisions and a shorter hospital stay. We believe that laparoscopic surgery is an oncologically sound treatment option for rectal cancer and may offer several perioperative advantages over traditional approaches. The procedure can be technically difficult and time consuming, however, especially when a total mesorectal excision is required. Adequate training and experience are necessary, to ensure successful oncological resection.
